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Summary
Objective: To determine the prevalence of labral tears and cartilage lesions in patients with mechanical symptoms of the hip using magnetic
resonance (MR) arthrography.
Methods: A total of 100 patients with mechanical symptoms of the hip such as pain, clicking, locking and giving way underwent MR arthro-
graphy of the hip to rule out a labral tear. Hip joints were evaluated for labral alterations, bone marrow edema (BME), and other pathology
using a novel semi-quantitative scoring system. Cartilage changes were graded separately for the acetabulum and femoral head in the
anterior, posterior, central, medial, and lateral hip joint regions (10 locations) on a 6-point scale: 0¼ normal; 1¼ signal heterogeneity;
2¼ ﬁssuring, 3¼ thinning <50% of the normal thickness; 4¼ thinning >50% of the normal thickness; 5¼ full thickness cartilage loss. Labral
tears were categorized into normal, intrasubstance degeneration, simple tear or complex tear with two or more tear regions. Statistical
methods were contingency tables, Fisher’s exact test for discrete outcomes (based on grade scores), Spearman’s rank correlation (r) and
t tests for continuous outcomes, using pooled and stratiﬁed analyses.
Results: On MR arthrography, labral tears were found in 66 patients (66% prevalence) with 13 having more than one location involved.
Locations were 19 lateral (13 simple, six complex), 54 anterior (39 simple, 15 complex), eight posterior (six simple, two complex). Cartilage
lesions were found in 76 patients (76% prevalence) with 53 demonstrating involvement of more than one compartment. The most common
ﬁnding was cartilage thinning <50% in 99 regions in 44 patients. Cartilage thinning >50% was shown in 34 patients in 67 areas. When we
correlated the grade of cartilage abnormality with the grade of labral tear, we found a statistically signiﬁcant correlation (r¼ 0.29; P 0.01).
The size of cartilage abnormality was correlated with the grade of labral tear in the lateral acetabulum (r¼ 0.38; P< 0.001), anterior acetab-
ulum (r¼ 0.22; P 0.002), and lateral femoral head (r¼ 0.29; P 0.004). The grade of cartilage loss was correlated with the grade of BME
(r¼ 0.44; P 0.001).
Conclusion: Labral tears and cartilage loss are common in patients with mechanical symptoms in the hip. Cartilage loss, labral tears and BME
appear interrelated and may represent important risk factors that may affect the development and progression of osteoarthritis in the hip joint.
ª 2007 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.




SocietyMechanical symptoms in the hip such as pain, clicking, lock-
ing and giving way commonly are observed in patients with
labral tears and anterior acetabular chondral defects1,2.The
prevalence of cartilage defects in the hip joint increases as
the population is aging3e5. Rapidly evolving articular
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Received 19 May 2006; revision accepted 4 February 2007.9cartilage therapies promote the interest in early identiﬁca-
tion of potential candidates for treatment by detecting carti-
lage defects with magnetic resonance imaging (MRI)4.
Osteoarthritis (OA) in the hip is very common but has
been studied less in the past because of difﬁculties in imag-
ing this deep seated joint that is not accessible with stan-
dard extremity imaging coils. We set out to explore the
prevalence of cartilage abnormalities in the hip using a scor-
ing system that we developed for the hip.
MR arthrography provides accurate delineation of intraar-
ticular structures and, additionally, expands the clinical use
of conventional MRI in the evaluation of cartilage injury and
degeneration6e9. For the detection of cartilage defects in09
910 G. Neumann et al.: Prevalence of labral tears and cartilage loss in patientsthe hip, Schmid et al.20 have recently reported a sensitivity
of 79% and a speciﬁcity of 77% based on MR arthrography
and open hip surgery. When the hip joint is distended with
ﬂuid in an MR arthrogram, the ﬁbrocartilaginous labrum is
also clearly visualized, allowing for diagnosis of acetabular
labral tears10. The purpose of this investigation was to de-
termine the prevalence of labral tears, cartilage loss and
other abnormalities in patients with mechanical symptoms
of the hip. This study was designed to explore the relation-
ship between labral tears and cartilage loss and bone mar-
row edema (BME) and cartilage loss in the hip joint. We
evaluated labral tears, cartilage defects, BME and other
articular ﬁndings (osteophytes, subchondral cysts and
subchondral sclerosis) using a novel, comprehensive hip
MRI assessment tool in patients presenting with mechanical
symptoms such as pain, clicking, locking and giving way.
Patients and methods
This research protocol was reviewed and approved by
the institutional review board at Partners Healthcare and
carried out in compliance with the Helsinki Declaration.
No patient information was released outside our institution.
PATIENTS
A total of 100 patients who presented with mechanical
symptoms of the hip among and who underwent an MR ar-
throgram of the hip at our hospitals between September
2001 and June 2005 were selected for study. Clinical data
of these patients with mechanical symptoms of the hip
were retrospectively collected in the Rheumatology and Or-
thopedics Clinics between September 2001 and July 2005.
Patients in the study included 76 women and 24 men (mean
age standard deviation (SD): 39 13, median 38 years,
ranging from 17 to 76 years). Only patients with mechanical
symptoms who underwent an MR arthrogram were included
in the study. Mechanical symptoms were deﬁned as sharp
pain, clicking, locking and giving way. Symptoms wereassessed by an orthopedic surgeon or rheumatologist and
retrieved from the patients’ medical record.
HIP MR ARTHROGRAM
Direct MR arthrography was performed by injection of
a 0.1 ml (0.1 mmol/kg body weight) solution of gadopente-
tate dimeglumine (Magnevist, Berlex, Wayne, NJ) in 10 ml
saline diluted 1:1 with iodinated radiographic contrast
(Ultravist 300, Berlex, Wayne, NJ) into the joint through
a 22G spinal needle under sterile conditions using ﬂuoro-
scopic guidance. Care was taken as not to introduce air
into the joint during injection to avoid susceptibility artifacts.
Following the injection, MR images were obtained in three
planes with a 1.5 T magnet system (LX2, General Electric
Medical Systems, Milwaukee, WI) using a torso phased
array coil. Image acquisitions were sagittal, coronal and
axial fat saturated T1 weighted spin echo 650/20, [(repeti-
tion time ms/echo time ms) with 4-mm-thick sections, a 0.5
mm intersection gap, bandwidth (BW) 15.63 kHz, two acqui-
sitions, a 16- to 18-cm ﬁeld of view (FOV), 512 256 matrix,
phase encoding 256, direction of the frequency: S to I], and
coronal fast spin echo inversion recovery sequences
[(3000/8) with 4-mm-thick sections, a 1 mm intersection
gap, echo train length 8, BW 31.25 kHz, 2 NEX, a 16- to
18-cm FOV, and a 256 192 matrix, phase encoding
192, direction of the frequency: S to I] were obtained. The
total imaging time was 40 min.
EVALUATION OF LESIONS
MR arthrograms were read in consensus by two radiolo-
gists experienced in evaluating cartilage lesions on MR. To
grade lesions in the acetabulum and femoral head, the hip
was divided into ﬁve compartments, i.e., anterior, posterior,
central, medial and lateral (Fig. 1). The grading was per-
formed in multiple planes of imaging. Cartilage was graded
on a 6-point scale (Fig. 1): 0¼ normal; 1¼ signal heteroge-
neity (punctate foci of low and high signal intensity withinFig. 1. MRI scoring system: anterior, posterior, central, medial and lateral compartments used for the grading of abnormalities in the hip.
Grading system for cartilage defects in the hip. Grading System for labral tears in the hip.
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face); 2¼ ﬁssuring (one or several ﬁssures that extend
into the substance of the cartilage and are <1 mm in width);
3¼ thinning 50% of normal cartilage thickness; 4¼
thinning >50% but <100% of normal cartilage thickness;
5¼ full thickness cartilage loss. The in plane resolution of
our studies was 0.35 0.70 mm. Cartilage lesions were
evaluated in all three planes thereby affording assessment
of ﬁssures11.
The size of the area of cartilage damage was also graded
and a subcategory was assigned to each ordinal grade:
A¼ cartilage damage 1 cm, B¼ cartilage damage >1
and 2 cm and C¼ cartilage damage >2 cm in maximum
dimension. The size of lesions was captured as the longest
extend in one section measured in any of the orientations.
We chose a readily applicable scoring system for BME
and modiﬁed it for the hip12. We classiﬁed edema-like signal
in the bone marrow according to the depth of the abnormal
signal from the subchondral bone plate. BME was graded
on a 4-point scale: 0¼ normal marrow signal; 1 (mild)¼
BME extending less than 0.5 cm from the subchondral
bone plate; 2 (moderate)¼ BME extending 0.5e1.5 cm
from the subchondral bone plate); and 3 (severe)¼BME
extending 1.5 cm from the subchondral bone plate.
Labral tears were categorized as normal (0), intrasub-
stance degeneration (1), simple tear (2) or complex tear
(3) with two or more tear components (Fig. 1). We also
graded diffuse increase in signal or generally diminutive
appearance of the labrum (1).Osteophytes were graded for the entire joint based on the
frequency of osteophytes in each compartment as follows.
First, osteophytes were scored separately for each compart-
ment on a 4-point scale: 0¼ absent; 1¼mild (1e2 mm);
2¼moderate (2e5 mm); 3¼ severe (>5 mm). A total os-
teophyte score was then calculated as the sum of the
scores for the individual compartments [grade 0¼ absent;
grade 1¼mild osteophytosis (total score¼ 1e2); grade
2¼moderate osteophytosis (total score¼ 3e4); grade
3¼ severe osteophytosis (total score 5)]. This is consis-
tent with the scoring that we published for OA of the
knee12. It is important to capture the presence of a plurality
of osteophytes, which is clearly more severe than a single or
two osteophytes.
Subchondral cysts were graded on a 4-point scale:
0¼ absent; 1¼mild (one to two cysts); 2¼moderate (three
to four cysts); 3¼ severe (5 cysts). In cases that went to
surgery, images obtained during arthroscopic or open inter-
ventions were used for visual comparison with the MR-
arthrographic images (Fig. 2).
The fovea capitis was excluded from the analysis since it
accepts the ligamentum teres and is not cartilage bearing.
STATISTICAL ANALYSES
Statistical combination method was used to derive an
overall rating over several anatomical sites within the
same patient. In order be more conservative, we used the
maximum of the individual rating scores across severalFig. 2. Grade 4 cartilage defect in the central acetabulum (dotted white arrows) and femoral head (solid white arrows) also seen on surgical
arthroscopy (solid black arrow). Grade 4 cartilage defect in the anterior acetabulum (bent arrow).
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has also been presented in recently published analysis of
large national diagnostic trials such as those sponsored
by the Radiological Diagnostic Oncology Group13. We com-
puted the summary statistics including the range, median,
mean and SD for each variable below using the statistical
software package S e Plus version 6.0 (MathSoft, Seattle,
WA). We constructed contingency tables and conducted
Fisher’s exact test of independence for discrete outcomes
(based on grade scores). Spearman’s rank correlation (r )
was also computed to correlate between two variables
and t test was performed for continuous outcomes (e.g.,
age). Furthermore, both pooled and stratiﬁed analyses
were performed. In the pooled analysis, within cartilage, la-
brum, and BME, the maximum grades were used to com-
bine several rating scores in various anatomic areas. The




All 100 patients presented with hip pain. Of them, 48 pa-
tients (48%) complained of groin pain, seven patients (7%)
experienced groin pain in addition to buttock pain. In addition
to hip pain, 56 patients (56%) complained of catching in the
hip, 23 (23%) of clicking, ﬁve (5%) of stiffness, 12 (12%) of
snapping, 13 (13%) of popping, two (2%) of cracking and
seven (7%) of giving way. The range of motion in one or
more directions in the hip joint was diminished in 62 patients
(62%): internal rotation in 50 cases, ﬂexion in 42 cases, ex-
ternal rotation in 23 cases, adduction in 21 cases, abduction
in 11 cases.
CORRELATION WITH DOCUMENTED FINDINGS FROM
A SURGICAL PROCEDURE
For 23 patients records of a surgical procedure were
available. The sensitivity and speciﬁcity for the detection
of labral tears were 89% and 95%, respectively. The sensi-
tivity and speciﬁcity were 81% and 66% for the detection of
cartilage defects in the acetabulum, and 75% and 66% in
the femoral head, respectively.
LABRAL TEARS
Labral tears were found in 66 out of 100 patients (66%).
Of these 66 tears, 58 (71.6%) tears were simple and 23
(28.4%) complex. The locations were: 54 anterior (39 sim-
ple, 15 complex), 19 lateral (13 simple, six complex), eight
posterior (six simple, two complex). Tears involved more
than one compartment in 18 patients. Nine of 19 tears
(47%) of the lateral labrum were associated with additional
labral tears in other regions (nine patients with a tear of the
anterior labrum, one patient with a tear of the posterior la-
brum). In nine such patients (47% of the tears in the lateral
labrum), the lateral labral tears constituted the only labral
abnormalities. In one patient, the tear of the lateral labrum
was associated with diffusely increased signal in the poste-
rior labrum.
A total of 13 patients had labral tears without concomitant
cartilage defect, 53 patients had a labral tear and one or
more cartilage defects, 23 patients had cartilage defects
but no labral tear, and 11 patients had no labral tear or car-
tilage defect. Two patients with anterior and lateral labral
tears also had paralabral cysts. These cases were notassociated with dysplasia of the hip. The patient with the
lateral labral tear had a documented history of avascular
necrosis but no avascular necrosis was seen on MR
arthrography.
We observed 13 patients with intrasubstance degener-
ation (six in the anterior, one in the lateral, ﬁve in the
posterior, and one in the inferior labrum), six with diffuse
increase in signal (one in the anterior, three in the lateral,
and two in the posterior labrum), and two patients with
diminutive signal (one in the anterior, one in the lateral
labrum).
Of 61 patients with any signal abnormality in the anterior
acetabular labrum, 49 (80.3%) also had one or more carti-
lage abnormalities on the MR arthrogram. Of the 15 patients
with any signal abnormality in the posterior acetabular la-
brum, 14 (93.4%) also had one or more cartilage abnormal-
ities. Of 24 patients with any signal abnormality in the lateral
acetabular labrum, 22 (91.7%) also had one or more carti-
lage abnormalities on the MR arthrogram.
We recorded concomitant cartilage abnormalities for 85%
of the patients with labral tears (56 patients). In 54.5% of the
cases with acetabular labral tears, cartilage loss was ob-
served in the same region as the labral tear. The grade of
cartilage abnormality correlated signiﬁcantly with the grade
of labral tear (r¼ 0.38; P 0.001). The size of cartilage
abnormality correlated with the grade of labral tear in the
lateral (r¼ 0.38; P< 0.001) and anterior acetabulum
(r¼ 0.22; P 0.002), and lateral femoral head (r¼ 0.29;
P 0.004).
CARTILAGE LESIONS
Cartilage defects were found on MR arthrography in 76
out of 100 patients (76%) with mechanical symptoms in
the hip (Figs. 2e6). Solitary cartilage abnormalities were
found in 23 patients (23%) and multiple cartilage abnormal-
ities in 53 patients (53%). Moreover, 24 patients (24%) had
no cartilage defects.
Most cartilage defects were found in the anterior
acetabulum and central femoral head (Figs. 4, 5). The
grade of cartilage loss in the femoral head (r¼ 0.39;
P 0.001) and acetabulum (r¼ 0.25; P 0.016) corre-
lated positively with age. We did not ﬁnd signiﬁcant sta-
tistical correlations between patient gender and the grade
(r¼0.077) or size (Spearman’s r¼0.12) of cartilage
defect.
We observed 63 regions of cartilage signal heterogeneity,
grade 1, in 26 patients; 31 defects were found in 20 patients
in the acetabulum and 32 defects were found in 15 patients
in the femoral head, while 49 patients had lesions in both
the femoral head and the acetabulum (Figs. 4e6). We
saw 11 areas of grade 2 ﬁssuring in 10 patients. The
most common cartilage abnormality was a grade 3, carti-
lage defect <50%, occurring in 99 regions in 44 patients
(Fig. 4); 50 regions were on the acetabulum and 49 were
on the femoral head. The majority of defects were less
than 1 cm in length both in the femoral head and the acetab-
ulum (Figs. 4, 5). Deep, grade 4 cartilage defects were
shown in 67 areas in 34 patients; 34 lesions were found
in 25 patients in the acetabulum and 33 lesions in 24
patients in the femoral head (Fig. 5). The majority of defects
were less than 1 cm in size both in the femoral head and the
acetabulum (Fig. 5). Full thickness, grade 5, cartilage loss
was observed in 62 regions in 31 patients; 41 lesions in
26 patients were in the acetabulum and 21 lesions in 15 pa-
tients in the femoral head. The length of the defect damage
measured <1 cm in 46 regions, and >1 cm in 15 regions
913Osteoarthritis and Cartilage Vol. 15, No. 8Fig. 3. Normal thickness articular cartilage along the medial and central (dotted arrows) femoral head, which is seen to taper toward the lateral
side (bent arrow) with grade 5 cartilage loss in the lateral femoral head. The acetabular cartilage is also thinned (grade 4) showing only a thin
sliver of residual cartilage (solid arrows).most prominently in the anterior and lateral acetabulum
(Fig. 5).
When comparing the grades of cartilage loss in the ace-
tabulum and femoral head, the anterior acetabulum was the
area with the highest mean grade lesions (mean grade
score SD; 1.43 1.95). The anterior femoral head was
the area with the lowest mean grade lesions (mean grade
score SD; 0.53 1.27). The mean cartilage defect size
was largest in the central femoral head (mean grade
score SD; 0.51 0.68) and smallest in the anterior femo-
ral head (mean grade scoreSD; mean¼ 0.21 0.47).
When we correlated the grade of cartilage defect with the
size of cartilage defect, we found a signiﬁcant correlation for
all regions (anterior acetabulum r¼ 0.9; posterior acetabu-
lum r¼ 0.8, central acetabulum r¼ 0.9; medial acetabulum
r¼ 0.8; lateral acetabulum r¼ 0.9; anterior, posterior,central medial, and lateral femoral head r¼ 0.9, respec-
tively; P 0.001 for all regions).
EDEMA-LIKE BME
BME was found in 67 areas in 29 out of 100 (29%) pa-
tients: 26 areas of grade 1 BME (eight medial, ﬁve lateral,
ﬁve central, four anterior, and four posterior), 22 areas of
grade 2 BME (four lateral, eight central, seven anterior,
and three posterior), and 19 areas of grade 3 BME (two me-
dial, ﬁve lateral, ﬁve central, three anterior, and four in the
posterior compartment). All patients with BME signal also
had cartilage defects. When we correlated the grade of car-
tilage loss with the grade of BME we found a statistically
signiﬁcant correlation (r¼ 0.46; P< 0.001). When we corre-
lated the size of cartilage loss with the grade of BME theFig. 4. Frequency and severity of defects in different anatomic regions. Cartilage thinning <50%: <1 cm defect size vs 1e2 cm defect size.
The most frequently observed grade of cartilage abnormality was less than 50% cartilage thinning. The vast majority of defects were less than
1 cm in size both in the femoral head and the acetabulum.
914 G. Neumann et al.: Prevalence of labral tears and cartilage loss in patientsFig. 5. Frequency and location of cartilage defects. Size of cartilage defects. Other articular ﬁndings in correlation with the grade and size of
cartilage abnormalities.correlation was positive although slightly exceeded the
conventional cutoff for statistical signiﬁcance (r¼ 0.32;
P¼ 0.052).
ANALYSIS OF OTHER ARTICULAR FINDINGS
Osteophytes were found in 122 regions in 32 patients.
When we compared the grade of osteophytosis with the
grade (P< 0.001) of cartilage loss we found a signiﬁcant
correlation (r¼ 0.46, P 0.001). When we compared thegrade of osteophytosis with the size (P< 0.001) of cartilage
defect we found a correlation (r¼ 0.48; P< 0.001).
Subchondral cysts and subchondral sclerosis were found
in 34 regions in 23 patients, and 110 regions in 22 patients,
respectively, Fig. 5.
Discussion
Labral tears represent the most common cause for
mechanical hip symptoms1 and most commonly occur inFig. 6. BME-like signal in the lateral femoral head (white arrows) and overlying cartilage defects (black arrows).
915Osteoarthritis and Cartilage Vol. 15, No. 8patients who have sustained occult trauma or injuries related
to athletic activity. Labral tears are also common in patients
with OA or acetabular dysplasia, or less frequently in pa-
tients with posterior hip dislocation. McCarthy and Busconi1
suggested a signiﬁcant association between the presence of
labral lesions and the severity of cartilage defects in ca-
davers. Labral lesions and cartilage defects can be gener-
ated by the same traumatic event or labral lesions may be
contributing to the progression of OA by altering themechan-
ical and biochemical environment within the joint1.
In the present study, we have established in vivo that the
association between labral tears and cartilage loss reported
by McCarthy and Busconi1 in cadaveric studies is valid. The
pathophysiology of the interrelationship between labral
tears and cartilage defects is unknown and warrants further
study. Labral tears may represent the initial event that re-
sults in subsequent deterioration of the cartilage. Con-
versely, cartilage defects and cartilage loss may alter the
biomechanical stability of the joint, thereby contributing to
increased laxity and resultant stress on the labrum and sub-
sequent labral tears. Moreover, both may directly interact
with labral tears accelerating the deterioration of the carti-
lage, which in turn may aggravate labral pathology resulting
in a vicious circle and possibly rapid progression of the
disease.
MR arthrography presents the unique opportunity to im-
age this interrelationship non-invasively in vivo. Clearly, lon-
gitudinal studies are needed to improve our understanding
of the pathophysiologic events in patients with mechanical
symptoms of the hip and to better comprehend the impact
on the development of OA.
The present study demonstrates a high prevalence of
cartilage defects in patients with mechanical symptoms
such as pain, clicking, giving way. Remarkably, the grade
of cartilage loss is correlated with the grade of labral tear.
Moreover, the grade of cartilage loss is correlated with the
grade of BME. Our ﬁndings suggest that patients who
present with BME on standard MR may have underlying
cartilage defects. Thus, if BME is identiﬁed on a routine,
non-contrast MRI in the femoral head or acetabulum an
MR arthrogram may be indicated to ascertain the presence
and severity of associated cartilage loss in the hip.
We also found a high prevalence of cartilage defects in
patients with no other abnormalities detectable on MR ar-
thrography. This may indicate that cartilage changes may
also occur independently or may precede degeneration of
the acetabular labrum or bone marrow.
The severity of cartilage abnormality correlated with the
severity of BME. This is extremely important because it sug-
gests that in analogy to other joints such as the knee14 BME
may be another risk factor for rapid progression.
Felson et al.14 found that BME in the knee was highly cor-
related with joint space narrowing as an indicator of carti-
lage loss and was a predictor of a more rapid progression
for OA in his cohort of patients. BME in the knee was pre-
dictive of a six to seven-fold accelerated joint space narrow-
ing15. Boutry et al.16 identiﬁed BME in the femoral heads of
100% of the patients in her study of rapidly destructive OA
in 12 individuals. We found BME in 29% of our cohort of pa-
tients with mechanical symptoms. Cartilage defects of
grade 3 and small lesions <1 cm were the most frequently
observed ﬁndings of cartilage abnormality. Our data sug-
gest that BME is present early in the degenerative disease
process in the hip.
Thus, in the present study, we have established for the
ﬁrst time in vivo that the association between BME and car-
tilage loss reported by Felson et al.14 is valid in the hip.Further investigation is needed to determine if this ﬁnding
may be indicative of more rapid progression of cartilage
loss in longitudinal studies.
Labral lesions have been associated with early degener-
ative disease17. In our study the anterior labrum was most
frequently torn. In most reported series tears most fre-
quently occur in the anterior labrum1,15,18. Czerny et al.18 in-
troduced a grading system considering the extension of
contrast material, the shape of the labrum and the attach-
ment to the acetabulum in three compartments (anterior, su-
perior, and dorsal portions of the labrum). We graded the
labrum for a change in signal (increased signal or general
diminutive appearance) or a simple or complex tear (with
more than one tear component). We observed 67% of the
labral tears in the anterior labrum, 23% in the lateral labrum,
and 10% in the posterior labrum. The abundance of anterior
labral defects may in part be attributable to morphologic fea-
tures and mechanical properties of the acetabulum and the
labrum17. Posterior labral tears are more commonly associ-
ated with a discrete episode of hip trauma17. For six patients
in our study with a posterior labral tear (80%), no other or-
thopedic problem was on record. Two patients with a poste-
rior labral tear (20%) had also a dysplastic hip. One patient
for whom we recorded a diffuse increase in signal in the
posterior labrum suffered from an accident; one patient
who was assigned intrasubstance degeneration in the pos-
terior labrum had a record of a knee arthropathy. Labrum
pathology may contribute to early joint degeneration through
the alteration of load transfer between, and the stresses
within, the cartilage layers of the hip19. Although surgery
was not performed in everyone with mechanical symptoms
of the hip who underwent MR arthrography, our methods
were justiﬁed since MR arthrography is excellent for detect-
ing cartilage defects and labral tears18,20. Asymptomatic
patients may also have these cartilage defects and labral
tears. We were unable to obtain MR arthrography on
asymptomatic patients. This is a limitation of our study.
The reproducibility of the measurements may have an
effect on our results. Discrepancies between the two
readers may have affected the measurements and calcula-
tions; however, the reproducibility of our readings was high.
The highest intra-reader agreement for grade and size of
cartilage loss was 0.67 (P¼ 0.03) and 0.69 (P¼ 0.01) in
the medial compartment of the acetabulum; 0.76
(P< 0.001) and 0.83 (P< 0.001) in the anterior femoral
head, respectively21. The highest inter-reader agreement
for grade and size of cartilage loss was 0.83 (P¼ 0.01)
and 0.83 (P¼ 0.01) in both the medial compartment of the
acetabulum and the anterior femoral head21.
The correlations between cartilage abnormalities and lab-
ral tears in this data set are fair/week. This could be related
to the young median age of the group and the high preva-
lence of cartilage defects in patients with no other abnor-
malities detectable on MR arthrography. Cartilage defects
may precede labral tears in this group of patients. Uncer-
tainty in differentiating between grades 1, 2, 3 may have
contributed slightly.
It is interesting to discern between grade 2 and grade 3
cartilage defects to capture progression of a cartilage defect.
The in plane resolution of our MRIs was 0.35 0.70 mm, in
three orthogonal planes. Thus, by combining coronal, sagit-
tal and axial planes, each region could be evaluated with
a resolution of 0.35 mm in at least one or more planes. Artic-
ular cartilage in the hip is typically between 1.5 and 3 mm
thick. We did not use gradient-echo sequences as they
are compromised by too many artifacts22,23. Magic angle
may have an effect on grading, as it does in the knee joint.
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There is no universally used current scoring system for
the hip. Our paper presents a ﬁrst systemic analytic ap-
proach for the hip. There is no universally used current scor-
ing system for the hip. We propose this scoring system as
the ﬁrst systemic analytic approach for the hip. It is based
on the Outerbridge classiﬁcation for arthroscopy and the
scoring system of the International Cartilage Repair Soci-
ety24,25. These standards are the most universally used in
Orthopedic Surgery, and are the most useful for future
MR e arthroscopy correlative studies. Moreover, we feel
that this approach will be clinically most relevant since it
closely approximates what the surgeons are using. The ar-
ticular surface in the hip is smaller than that in the knee.
This is why the scoring for bone marrow lesions had to be
adapted. The scoring used in this classiﬁcation for BME is
scaled for the hip joint. Patients with hip dysplasia were ex-
cluded based on radiographic ﬁndings and based on MRI
ﬁndings.
In conclusion, our study shows that mechanical symp-
toms such as clicking, giving way, and hip pain are com-
monly associated with underlying labral tears and cartilage
defects. The prevalence of labral tears or cartilage loss in
this patient population is impressively high. Thus, when
MRI is contemplated, patients with mechanical symptoms
of the hip should be scanned with MRI protocols that allow
visualization of the labrum and cartilage, such as MR ar-
thrography. BME is correlated with cartilage loss in the
hip. Patients with BME noticed on standard MRI are likely
to have cartilage loss on MR arthrography. Therefore, if ther-
apeutic intervention is contemplated, an MR arthrogram
may be indicated in order to assess the presence and sever-
ity of associated cartilage loss.
We have established that the association between labral
tears and cartilage loss reported by McCarthy and Busconi1
is valid in vivo and can be seen with MRI. MR arthrography
affords the opportunity to image this interrelation non-
invasively in vivo. Cartilage loss, labral tears and BME
appear interrelated.
Orthopedic surgeons may use this information to perform
an arthroscopic shaving26. Moreover, this information can
be usefully in the future as new chondroprotective or chon-
droregenerative drugs become available. The imaging tech-
nology and scoring used in this paper will be important
to evaluate patients prior to and during therapeutic
intervention.
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